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DESCRIPTION 
DUST CORE AND METHOD FOR PRODUCING SAME 

Technical field 

5 [0001] The present invention relates generally to a powder core and 
method for making the same. More specifically, the present invention relates 
to a powder core used in motor cores, reactors for power supply circuits, and 
the like, and a method for making the same. 

10 Background Art 

[0002] In recent years, there has been a strong demand for compact 

designs, high efficiency, and high output for electrical devices equipped with 
an electromagnetic valve, a motor, or a power supply circuit. With these 
electrical devices, using high frequencies as the operating frequency range is 

15 effective. Thus, higher frequencies are being used more and more, e.g., from 
hundreds of Hz to several kHz for electromagnetic valves, motors, and the like, 
and from tens of kHz to hundreds of kHz for power supply circuits. 
[0003] Electrical devices such as electromagnetic valves and motors have 

been operated primarily with frequencies of no more than hundreds of Hz, and 

20 used so-called electromagnetic steel plates as the material for the iron core due 
to the low iron loss of this material. The iron loss in the core material can be 
broadly divided into hysteresis loss and eddy current loss. The surfaces of thin 
plates of an iron-silicon alloy, which has a relatively low coercive force, are 
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insulated, and the plates are stacked to form the electromagnetic steel plate 
described above. It is known that low hysteresis loss is provided with this 
structure. While eddy current loss is proportional to the square of the 
operating frequency, hysteresis loss is linear to the operating frequency. Thus, 
5 if the operating frequency is no more than hundreds of Hz, hysteresis loss is 
dominant. Thus, in this frequency range, the use of electromagnetic steel 
plates, which have low hysteresis loss, is especially effective. 
[0004] However, since eddy current loss becomes dominant when the 

operating frequency is more than 1 kHz, the iron core must be made from a 

10 material other than electromagnetic steel plates. Powder cores and soft ferrite 
cores, which have relatively low eddy current loss properties, are effective in 
these cases. Powder cores are made using a soft magnetic material in powder 
form, e.g., iron, an iron-silicon alloy, a Sendust alloy, a permalloy, or an iron- 
based amorphous alloy. More specifically, a binder member having superior 

15 insulation properties is mixed with the soft magnetic material or the surfaces 
of the powder are insulated, and the resulting powder is compacted to form the 
powder core. 

[0005] Soft ferrite cores are known to be especially effective as a 

material with low eddy current loss since the material itself has a high 
20 electrical resistance. However, the low saturation flux density resulting from 
the use of soft ferrite makes high outputs difficult to obtain. In this regard, 
powder cores are effective since their main component is soft magnetic 
material, which has a high saturation flux density. 
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[0006] Also, the making of powder cores involves compacting, and this 
introduces distortion in the powder due to deformation. This increases coercive 
force and leads to high hysteresis loss in the powder core. Thus, when a 
powder core is to be used as a core material, an operation must be performed 
5 to remove distortions after the shaped body has been pressed. 

[0007] One effective way to remove distortions is to perform thermal 

annealing on the shaped body. Distortions can be removed more effectively and 
hysteresis loss can be reduced by using higher temperatures for the heat 
treatment. However, if the heat treatment temperature is set too high, the 

10 insulative binder member or the insulative coating in the soft magnetic 
material can break down or degrade, leading to higher eddy current loss. Thus, 
heat treatment can be performed only within a temperature range that does 
not lead to this problem. As a result, the improvement of the heat resistance of 
the insulative binder member or the insulative coating of the soft magnetic 

15 material is an important factor in reducing iron loss in the powder core. 

[0008] In a representative example of a conventional powder core, 

approximately 0.05 percent by mass to 0.5 percent by mass of a resin member 
was added to a pure iron powder formed with a phosphate coating serving as 
an insulative coating. This was then heated and shaped, and thermal 

20 annealing was performed to remove distortion. In this case, the heat treatment 
temperature was approximately 200 deg C to 500 deg C, the thermal 
decomposition temperature of the insulative coating. Because of the low heat 
treatment temperature, however, adequate distortion removal could not be 
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obtained. 

[0009] Japanese Laid-Open Patent Publication Number 2003-303711 

discloses an iron base powder and powder core using the same that includes a 
heat-resistant insulation coating wherein the insulation is not destroyed when 
5 annealing is performed to reduce hysteresis loss (Patent Document l). With 
the iron base powder disclosed in Patent Document 1, the surfaces of a powder 
having iron as its main component are covered with a coating containing 
silicone resin and pigment. It would be preferable for a coating containing a 
material such as a silicon compound to serve as a lower layer of the coating 
10 containing silicone resin and pigment. For the pigment, a powder with a D50 
rating and having a mean particle diameter of 40 microns would be preferable. 

[Patent Document 1] Japanese Laid-Open Patent Publication Number 
2003-303711 



15 Disclosure of Invention 

[0010] As described above, the powder core is made by compacting the 
soft magnetic material in a powder form. However, when the iron base powder 
disclosed in Patent Document 1 is compacted, there is significant abrasion 
between coatings disposed on powder surfaces, resulting in a powder core in 

20 which coatings have been destroyed. This leads to eddy current flowing 
between the iron base particles, resulting in increased iron loss in the powder 
core due to eddy current loss. Also, when the iron base powder is compacted, a 
force is applied to compress the coating disposed on the powder surface, 
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resulting in a powder core in which coatings are thinner at certain sections. 
This prevents the coating from performing adequately as an insulation coating 
at the thin sections, similarly resulting in increased iron loss in the powder 
core due to eddy current loss. 
5 [001 1] The object of the present invention is to overcome these problems 

and to provide a powder core and method for making the same that is 
equipped with insulative coating having superior heat resistance, with the 
coating making it possible to adequately restrict the flow of eddy currents 
between particles. 

10 [0012] A powder core according to the present invention is equipped with 

a plurality of composite magnetic particles bonded to each other. Each of the 
plurality of compound magnetic particles includes: the metal magnetic particle 
10; the lower layer coating 20 surrounding the surface 10a of the metal 
magnetic particle 10; the upper layer coating 30 that surrounds the surface 

15 20a of the lower layer coating 20 and contains silicon; and the dispersed 
particles 50, containing a metal oxide, disposed in the lower layer coating 20 
and/or the upper layer coating 30. The mean particle diameter R of the 
dispersed particles meets the condition 10 nm < R < 2T, where T is the average 
thickness of the coating, which combines the lower layer coating and the upper 

20 layer coating. 

[0013] In this powder core, an upper layer coating containing silicon (Si) 

is disposed to cover the surface of the insulative lower layer coating. The upper 
layer coating containing silicon undergoes thermal decomposition at 
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temperatures from approximately 200 deg C to 300 deg C, but thermal 
decomposition generally causes it to change into an Si-0 based compound 
having heat resistance up to approximately 600 deg C. Also, the dispersed 
particles containing a metal oxide has heat resistance for high temperatures of 
5 1000 deg C or higher. Thus, the heat resistance of the Si-0 based compound 
which has changed due to thermal decomposition can be further improved by 
the presence of dispersed particles containing metal oxide in the upper layer 
coating. As a result, when heat treatment to remove distortions in the powder 
core is performed, the degradation of the upper layer coating can be limited. 
10 Also, limiting the degradation of the upper layer coating can protect the lower 
layer coating below it. This makes it possible to reduce hysteresis loss 
resulting from high-temperature heat treatment so that eddy current loss in 
the powder core can be reduced by the upper layer coating and the lower layer 
coating. 

15 [0014] The dispersed particles disposed on the lower layer coating and/or 

the upper layer coating act as a spacer separating adjacent metal magnetic 
particles when compacting is being performed to make the powder core. Since 
the mean particle diameter R of the dispersed particles exceeds 10 nm, the 
dispersed particles will not be too small. As a result, insulative particles can 

20 serve adequately as spacers between the metal magnetic particles, thus 
providing more reliable reduction of eddy current loss in the powder core. 
[0015] Also, the mean particle diameter R of the dispersed particles is no 
more than twice the thickness T of the coatings. Thus, the mean particle 



7 



diameter of the dispersed particles will not be too large relative to the 
thickness of the coatings, allowing the dispersed particles to be supported in 
the coatings in a stable manner. As a result, dispersed particles are prevented 
from falling out of the coatings, making it possible to obtain the advantages of 
5 the dispersed particles described above in a reliable manner. Also, when 
compacting is performed to form the powder core, the dispersed particles do 
not obstruct plastic deformation of the metal magnetic particles, making it 
possible to increase the density of the shaped body obtained after compacting. 
Furthermore, during compacting, the dispersed particles prevent the upper 

10 layer coating and the lower layer coating from being destroyed and limit 
formation of gaps between adjacent metal magnetic particles. As a result, the 
insulation between the metal magnetic particles can be maintained and 
demagnetization fields can be prevented from forming between particles. 
Furthermore, by using a two-layer structure for the coating, the upper layer 

15 coating and the lower layer coating can slide and shift relative to each other 
during compacting. This prevents the upper layer coating from tearing during 
deformation of the metal magnetic particle, thus providing a uniform upper 
layer coating that acts as a protective coating. 

[0016] It would be preferable for the lower layer coating to include at 

20 least one compound selected from a group consisting of a phosphorous 
compound, a silicon compound, a zirconium compound, and an aluminum 
compound. With this type of powder core, the superior insulation properties of 
these materials makes it possible to efficiently restrict eddy current flow 
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between metal magnetic particles. 

[0017] It would also be preferable for the dispersed particles to include 

at least one oxide selected from a group consisting of silicon oxide, aluminum 
oxide, zirconium oxide, and titanium oxide. With this type of powder core, 
5 these materials can provide suitably high heat resistance. Thus, if the 
dispersed particles are present in the upper layer coating, the heat resistance 
of the upper layer coating can be efficiently improved. 

[0018] It would also be preferable for the average thickness of the lower 

layer coating to be at least 10 nm and no more than 1 micron. With this type of 

10 powder core, setting the average thickness of the lower layer coating to at least 
10 nm makes it possible to restrict tunnel currents flowing through the coating 
and prevents increased eddy current loss resulting from these tunnel coatings. 
Also, since the average thickness of the lower layer coating is no more than 1 
micron, it is possible to prevent the distance between metal magnetic particles 

15 from becoming too large so that demagnetization fields are generated (energy 
is lost due to magnetic poles being generated in the metal magnetic particles). 
This makes it possible to restrict increased hysteresis loss generated by 
demagnetization fields. Also, it is possible to prevent reduced saturation flux 
density resulting from the lower layer coating having too low a proportion in 

20 volume in the powder core. 

[0019] It would be preferable for the average thickness of the upper 

layer coating to be at least 10 nm and no more than 1 micron. With this type of 
powder core, the upper layer coating is provided with a certain degree of 
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thickness since its average thickness is at least 10 nm. This makes it possible 
for the upper layer coating to function as a protective film during the heat 
treatment of the powder core. Also, since the average thickness of the upper 
layer coating is no more than 1 micron, it is possible to prevent the generation 
5 of demagnetization fields due to the distance between metal magnetic particles 
becoming too large. This makes it possible to restrict increased hysteresis loss 
caused by demagnetization fields. 

[0020] A method for making a powder core according to the present 

invention is a method for making any of the powder cores described above. The 

10 method for making a powder core includes: a step for forming a shaped body by 
shaping the plurality of metal magnetic particles; and a step for heat treating 
the shaped body at a temperature of at least 500 deg C and less than 800 deg 
C. With this method for making a powder core, the use of a high temperature 
of at least 500 deg C for heat treatment of the shaped body makes it possible to 

15 adequately reduce distortions present in the shaped body. This makes it 
possible to obtain a powder core with low hysteresis loss. Also, since the heat 
treatment temperature is less than 800 deg C, the deterioration of the upper 
layer coating and the lower layer coating due to high temperatures is avoided. 
[0021] With the present invention as described above, it is possible to 

20 provide a powder core and method for making the same that includes an 
insulative coating with superior heat resistance and that can adequately 
restrict eddy current flow between particles by efficiently using the coating. 
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Brief Description of Drawings 

[0022] Fig. 1 is a simplified drawing showing the surface of a powder 

core according to an embodiment of the present invention. 

Fig. 2 is a simplified detail drawing showing the section surrounded by 
5 the dotted line II from Fig. 1. 

Fig. 3 is a simplified drawing showing an alternative example of the 
arrangement of dispersed particles shown in Fig. 2. 

Fig. 4 is a simplified drawing showing another alternative example of 
the arrangement of dispersed particles shown in Fig. 2. 
10 Fig. 5 is a graph comparing the minimum iron loss values obtained by 

powder core materials based on this embodiment. 
[List of designators] 

[0023] 10: metal magnetic particle; 10a, 20a: surface; 20: lower layer 

coating; 25: coating; 30: upper layer coating; 40: compound magnetic particles; 
15 50: dispersed particles 

Best Mode for Carrying Out the Invention 

[0024] The embodiments of the present invention will be described, with 

references to the figures. 
20 [0025] Fig. 1 is a simplified drawing showing the surface of the powder 

core of this embodiment. Fig. 2 is a simplified drawing showing the section in 
Fig. 1 surrounded by dotted line II. 

[0026] Referring to Fig. 1 and Fig. 2, a powder core includes a plurality 
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of compound magnetic particles 40 formed from: a metal magnetic particle 10; 
a lower layer coating 20 surrounding a surface 10a of the metal magnetic 
particle 10; and an upper layer coating 30 that surrounds the surface 20a of 
the lower layer coating 20 and contains silicon (Si). The compound magnetic 
5 particles 40 are bonded to each other by the engagement of the projections and 
indentations of the compound magnetic particles 40. 

[0027] The powder core also includes a plurality of dispersed particles 50 
embedded in the upper layer coating 30. The dispersed particles 50 contain a 
metal oxide. The plurality of dispersed particles 50 is dispersed roughly 

10 uniformly inside the upper layer coating 30. A coating 25 of the metal 
magnetic particle 10 formed from the lower layer coating 20 and the upper 
layer coating 30 has an average thickness T. The dispersed particles 50 have a 
mean particle diameter R. The mean particle diameter R of the dispersed 
particles 50 meets the condition 10 nm < R < 2T. 

15 [0028] The average thickness T referred to here is determined in the 
following manner. Film composition is obtained through composition analysis 
(TEM-EDX: transmission electron microscope energy dispersive X-ray 
spectroscopy) and atomic weight is obtained through inductively coupled 
plasma-mass spectrometry (ICP-MS). These are used to determine equivalent 

20 thickness. Furthermore, TEM photographs are used to directly observe the 
coating and confirm the order of the calculated equivalent thickness. The mean 
particle diameter referred to here indicates a 50% particle diameter D, i.e., 
with a particle diameter histogram measured using the laser scattering 
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diffraction method, the particle diameter of particles for which the sum of the 
mass starting from the lower end of the histogram is 50% of the total mass. 
[0029] The metal magnetic particle 10 is formed from a material with 
high saturation flux density and low coercive force, e.g., iron (Fe), an iron (Fe)- 
5 silicon (Si)-based alloy, an iron (Fe)-nitrogen (N)-based alloy, an iron (Fe)- 
nickel (Ni)-based alloy, an iron (Fe)-carbon (C)-based alloy, an iron (Fe)-boron 
(B)-based alloy, an iron (Fe)-cobalt (Co)-based alloy, an iron (Fe) -phosphorous 
(P)-based alloy, an iron (Fe)-nickel (Ni)-cobalt (Co)-based alloy, or an iron (Fe)- 
aluminum (Al)-silicon (Si)-based alloy. Of these, it would be preferable for the 

10 metal magnetic particle 10 to be formed from pure iron particles, iron-silicon 
(more than 0 and no more than 6.5 percent by mass) alloy particles, iron- 
aluminum (more than 0 and no more than 5 percent by mass) alloy particles, 
permalloy alloy particles, electromagnetic stainless steel alloy particles, 
Sendust alloy particles, or iron-based amorphous alloy particles. 

15 [0030] It would be preferable for the mean particle diameter of the metal 

magnetic particles 10 to be at least 5 microns and no more than 300 microns. 
With a mean particle diameter of at least 5 microns for the metal magnetic 
particle 10, oxidation of the metal magnetic particles 10 becomes more difficult, 
thus improving the magnetic properties of the soft magnetic material. With a 

20 mean particle diameter of no more than 300 microns for the metal magnetic 
particle 10, the compressibility of the mixed powder is not reduced during the 
compacting operation. This provides a high density for the shaped body 
obtained from the compacting operation. 
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[0031] The lower layer coating 20 is formed from a material having at 

least electrical insulation properties, e.g., a phosphorous compound, a silicon 
compound, a zirconium compound, or an aluminum compound. Examples of 
this type of material include: ferric phosphate, which contains phosphorous 
5 and iron, manganese phosphate, zinc phosphate, calcium phosphate, silicon 
oxide, titanium oxide, aluminum oxide, and zirconium oxide. 
[0032] The lower layer coating 20 serves as an insulation layer between 
the metal magnetic particles 10. By covering the metal magnetic particle 10 
with the lower layer coating 20, the electrical resistivity p of the powder core 
10 can be increased. As a result, the flow of eddy currents between the metal 
magnetic particles 10 can be prevented and iron loss in the powder core 
resulting from eddy currents can be reduced. 

[0033] An example of a method for forming the lower layer coating 20 
with a phosphorous compound on the metal magnetic particle 10 is to perform 

15 wet coating using a solution in which a metallic salt phosphate and phosphoric 
ester are dissolved in water or an organic solvent. Examples of methods for 
forming the lower layer coating 20 with a silicon compound on the metal 
magnetic particle 10 include: wet coating a silicon compound such as a silane 
coupling agent, a silicone resin, or silazane; and using the sol-gel method to 

20 coat silica glass and silicon oxide. 

[0034] Examples of methods for forming the lower layer coating 20 with 

a zirconium compound on the metal magnetic particle 10 include: wet coating a 
zirconium coupling agent; and using the sol-gel method to coat zirconium oxide. 
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Examples of methods for forming the lower layer coating 20 with an aluminum 
compound on the metal magnetic particle 10 include using the sol-gel method 
to coat aluminum oxide. The methods for forming the lower layer coating 20 
are not limited to those described above and various methods suited for the 
5 lower layer coating 20 to be formed can be used. 

[0035] It would be preferable for the average thickness of the lower layer 

coating 20 to be at least 10 nm and no more than 1 micron. This makes it 
possible to prevent increases in eddy current loss caused by tunnel current and 
prevent increases in hysteresis loss caused by the demagnetization field 
10 generated between the metal magnetic particles 10. It would be more 
preferable for the average thickness of the lower layer coating 20 to be no more 
than 500 nm and even more preferable for the average thickness to be no more 
than 200 nm. 

[0036] The upper layer coating 30 is formed from a silicon compound 

15 containing silicon. There are no special restrictions on this silicon compound, 
but examples include silicon oxide, silica glass, and silicone resin. 
[0037] Examples of methods for forming the upper layer coating 30 

include: forming the upper layer coating 30 by using the sol-gel method, wet 
coating, vapor-phase deposition or the like on the metal magnetic particles 10 
20 on which the lower layer coating 20 is formed; and forming the upper layer 
coating 30 by placing a compact of the metal magnetic particles 10 formed with 
the lower layer coating 20 in a gas containing silicon and applying heat 
treatment. The methods for forming the upper layer coating 30 are not limited 
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to those described above and various methods suited for the upper layer 
coating 30 to be formed can be used. 

[0038] Fig. 3 and Fig. 4 are simplified drawing showing alternative 

examples for placement of the dispersed particles shown in Fig. 2. Referring to 
5 Fig. 3, the dispersed particles 50 can be embedded inside the lower layer 
coating 20. Referring to Fig. 4, the dispersed particles 50 can be embedded 
inside both the lower layer coating 20 and the upper layer coating 30. The 
dispersed particles 50 are embedded in the lower layer coating 20 and/or the 
upper layer coating 30, i.e., embedded somewhere in the coating 25. 

10 [0039] Referring to Fig. 2 through Fig. 4, the dispersed particle 50 is 

formed from a metal oxide such as silicon oxide, aluminum oxide, zirconium 
oxide, or titanium oxide. Methods for dispersing the dispersed particles 50 in 
the coating 25 include: mixing in the dispersed particles 50 in a powder state 
during the formation of the lower layer coating 20 or the upper layer coating 

15 30; and precipitating the dispersed particles 50 onto the coating. The methods 
that can be used are not restricted to these methods, however. 
[0040] The powder core of this embodiment of the present invention is 

equipped with a plurality of compound magnetic particles 40 bonded to each 
other. Each of the plurality of compound magnetic particles 40 includes: the 

20 metal magnetic particle 10; the lower layer coating 20 surrounding the surface 
10a of the metal magnetic particle 10; the upper layer coating 30 that 
surrounds the surface 20a of the lower layer coating 20 and contains silicon; 
and the dispersed particles 50, containing a metal oxide, disposed in the lower 
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layer coating 20 and/or the upper layer coating 30. The mean particle diameter 
R of the dispersed particles 50 meets the condition 10 nm < R < 2T, where T is 
the average thickness of the coating 25, which combines the lower layer 
coating 20 and the upper layer coating 30. 
5 [0041] Next, a method for making the powder core shown in Fig. 1 will 

be described. First, the lower layer coating 20 is formed on the surface 10a of 
the metal magnetic particle 10 and the upper layer coating 30 is formed on the 
surface 20a of the lower layer coating 20 using a predetermined method 
described above. Also, at the same time these coatings are being formed, the 

10 dispersed particles 50 are placed somewhere in the coating 25. Since the mean 
particle diameter R of the dispersed particles 50 is no more than twice the 
average thickness T of the coating 25, the dispersed particles 50 can be 
disposed inside the coating 25 in a reliably supported state. The compound 
magnetic particles 40 are obtained with the steps described above. 

15 [0042] Next, the compound magnetic particles 40 are placed in a die and 

compacted at a pressure, e.g., 700 MPa - 1500 MPa. This compacts the 
compound magnetic particles 40 and provides a shaped body. While it would be 
possible to use an open-air atmosphere, it would be preferable for the 
compacting to be performed in an inert gas atmosphere or a decompressed 

20 atmosphere. This makes it possible to limit oxidation of the compound 
magnetic particles 40 caused by the oxygen in the open air. 
[0043] When compacting, the dispersed particles 50 embedded in the 
coating 25 are present between adjacent metal magnetic particles 10. The 
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dispersed particles 50 serve as spacers that limit the physical contact between 
the metal magnetic particles 10 and prevent the shaped body from being 
formed with adjacent metal magnetic particles 10 in contact with each other. 
Since the mean particle diameter R of the dispersed particles 50 exceeds 10 nm, 
5 there is no possibility that the dispersed particles 50 would not be able to 
function as spacers because they are too small. Thus, the coating 25 with a 
thickness exceeding 10 nm can be reliably interposed between the adjacent 
metal magnetic particles 10, thus maintaining insulation between them. 
[0044] Also, since the mean particle diameter R of the dispersed 

10 particles 50 is no more than twice the average thickness T of the coating 25, 
the dispersed particles 50 will not be a physical obstacle when compacting is 
performed. This makes it possible to avoid destruction of the coating 25 by the 
flow of the dispersed particles 50 during compacting as well as obstruction to 
the deformation of the metal magnetic particle 10 due to dispersed particles 50. 

15 [0045] Next, the shaped body obtained from compaction is heated to a 

temperature of at least 500 deg C and less than 800 deg C. This makes it 
possible to remove distortions and dislocations present in the shaped body. The 
upper layer coating 30, which is formed from silicone resin or the like and is 
heat resistant, serves as a protective film to protect the lower layer coating 20 

20 from heat. Thus, there is no degradation to the lower layer coating 20 even 
when high heat of at least 500 deg C is applied. The atmosphere in which the 
heat treatment takes place can be the open air, but it would be preferable for 
an inert gas atmosphere or a decompression atmosphere to be used. This 
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makes it possible to limit oxidation of the compound magnetic particles 40 
caused by the oxygen in the open air. 

[0046] It would be preferable for the average thickness of the upper 

layer coating 30 to be at least 10 nm and no more than 1 micron. This makes it 
5 possible to efficiently limit degradation of the lower layer coating 20 during the 
heat treatment operation and to prevent increases in hysteresis loss caused by 
demagnetization fields generated between the metal magnetic particle 10. It 
would be more preferable for the average thickness of the upper layer coating 
30 to be no more than 500 nm, and even more preferable for it to be no more 
10 than 200 nm. 

[0047] After heat treatment, the shaped body is processed as appropriate, 
e.g., extrusion or cutting, resulting in the powder core shown in Fig. 1. 
[0048] With the powder core and method for making a powder described 

above, the shaped body can be heated at a high temperature of at least 500 deg 

15 C, making it possible to adequately reduce hysteresis loss in the powder core. 
Since the lower layer coating 20 and the upper layer coating 30 does not 
degrade even when this heat treatment is performed, these coatings can 
reduce eddy current loss in the powder core. This makes it possible to provide 
a powder with adequately reduced iron loss. 

20 [Examples] 

[0049] The powder core of the present invention was evaluated using the 
examples described below. 

[0050] For the metal magnetic particle 10, the commercially available 
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atomized pure iron powder (product name "ABC100.30") from Hoganas Corp. 
was used. This atomized pure iron powder was immersed in a ferric phosphate 
aqueous solution and stirred to form on the surface of the atomized pure iron 
powder a ferric phosphate compound coating, serving as the lower layer 
5 coating 20. Phosphoric acid compound coatings with average thicknesses of 50 
nm and 100 nm were prepared. 

[0051] Next, silicone resin (product name "XC96-B0446") from GE 

Toshiba Silicone Co., Ltd. and silicon dioxide powder is dissolved and dispersed 
in ethyl alcohol, and the coated atomized pure iron powder described above 

10 was deposited in the solution. The silicone resin was dissolved so that it was 
0.25 percent by mass relative to the atomized pure iron powder and the silicon 
dioxide powder was dissolved so that it was 0.02 percent by mass of the 
atomized pure iron powder. Three types of mean particle diameters for the 
silicon dioxide powder were used: 10 nm, 30 nm, and 50 nm. Then, after 

15 stirring and drying, a silicone resin layer having an average thickness of 100 
nm was formed as the upper layer coating 30, resulting in the compound 
magnetic particles 40 in which silicon dioxide powder dispersed in the silicone 
resin serves as the dispersed particles 50. 

[0052] Next, this powder was compacted with a surface pressure of 1275 

20 MPa (=13 ton/cm 2 ) to form ring-shaped shaped bodies (35 mm outer diameter, 
20 mm inner diameter, 5 mm thickness). Then, the shaped bodies were heated 
in a nitrogen atmosphere under different temperature conditions from 400 deg 
C to 1000 deg C. Based on the above steps, a plurality of powder core materials 
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were prepared with different lower layer coating thicknesses, dispersed 
particle diameters, and heat treatment temperature conditions. 
[0053] As a comparative sample, powder core materials were prepared 
using the method described above with: atomized pure iron powder with only a 
5 ferric phosphate compound coating (resin was added as a binder at a 
proportion of 0.05 percent by mass relative to the atomized pure iron powder); 
and atomized iron powder with no silicon dioxide powder and only a ferric 
phosphate compound coating and silicone resin coating. 

[0054] Next, coils (300 windings on the primary side and 20 windings on 

10 the secondary side) were wound uniformly around the powder core material 
and the iron loss characteristics of the powder core material were evaluated. 
For the evaluation, RikenDenshi Corp.'s BH tracer (model ACBH-100K) was 
used with an excitation magnetic flux density of 1 (T: tesla) and a 
measurement frequency of 1000 Hz. Table 1 shows the iron loss values 
15 measured for the different powder core materials. 
[0055] [Table l] 
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[0056] Referring to Table 1, with the comparative sample having 

only the ferric phosphate compound coating and the comparative sample with 
only the ferric phosphate compound coating and the silicone resin coating, the 
iron loss value was lowest when the heat treatment temperature was 400 deg 
5 C, with the value increasing for higher heat treatment temperatures. Based on 
this, it was determined that the ferric phosphate compound coating serving as 
the lower layer coating 20 in the comparative samples did not function 
effectively in the heat treatment. 

[0057] In contrast, with the powder core material containing silicon 

10 dioxide particles with mean particle diameters of 30 nm and 50 nm, iron loss 
was reduced as the heat treatment temperature increased, with iron loss 
increasing at a heat treatment temperature of 800 deg C. Based on this, it was 
possible to confirm that, at least in the heat treatment temperature range of 
up to 700 deg C, the lower layer coating 20 does not degrade and eddy currents 
15 generated between atomized pure iron particles were efficiently limited. On 
the other hand, these results could not be obtained for powder core materials 
with silicon dioxide particles with a mean particle diameter of 10 nm. 
[0058] Fig. 5 is a graph comparing the minimum iron losses obtained 

from the powder core materials of this example. Referring to Fig. 5, an iron 
20 loss of approximately 100 W/kg was obtained for powder core materials in 
which the silicon dioxide particle mean particle diameter was 30 nm and 50 
nm. This was no more than half the iron loss values of approximately 220 
W/kg obtained with the powder core materials from the comparative samples 
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and the sample with the silicon dioxide particle mean particle diameter of 10 
nm. Based on these results, it was possible to confirm that the powder core 
material prepared according to the present invention provided superior low 
iron loss material. 

5 [0059] The embodiments and examples disclosed herein are illustrative 

and should not be considered restrictive. The scope of the present invention is 
indicated by the claims of the invention and not by the description above, and 
the scope includes all equivalences and modifications within the scope of the 
claim. 



